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Abstract - This paper presents the performance of 
different turbo coded modulation schemes in a Rayleigh 
multipath-fading channel. The performances of 
spectrally efficient multilevel modulation schemes 
combined with binary turbo codes are f is t  observed. 
The results of the above scheme are then compared 
with that of turbo coded trellis coded modulation 
scheme (T-TCM). Simulation results show that the 
binary turbo codes combined with multilevel 
modulation schemes perform well in Rayleigh fading 
channels compared to the performance of T-TCM. 
I. INTRODUCTION 
Turbo coding has been one of the most attractive 
coding techniques since it has been proposed[l], 
because it can achieve the error correction capability 
near Shannon’s limit. Turbo code(TC) can provide 
significant coding gain by utilizing two relatively 
simple constituent convolutional encoders, which are 
concatenated in parallel through an interleaver. The 
decoder consists of their corresponding component 
decoders employing a maximum-a-posteriori (MAP) 
algorithm and is designed to exploit extrinsic 
information iteratively. Its performance is proportional 
to the number of decoding iterations and the length of 
the informatiion packet which is limited by the length of 
the interleaver. 
However, most turbo codes investigated so far could 
not utilize a limited channel bandwidth because they are 
used with binary modulation techniques, which cause 
expansion of the signal bandwidth. A new technique is 
needed to put this outstanding channel coding scheme 
into a real communication system designed to 
accommodate as many users as possible. Accordingly 
as the the real channel is a limited valuable resource in 
terms of bandwidth there is a necessity to combine 
multilevel modulation with turbo coding thus 
sacrificing neither the bandwidth efficiency nor the 
coding gain. 
An associated scheme of turbo code with a bandwidth- 
efficient modulation has been proposed in [2]. It was 
shown that it always outperforms 64 states TCM code 
below bit error rate (BER) both over AWGN 
channels and over Rayleigh channels. However, 
applicability of turbo code with multilevel modulation 
to multipath Rayleigh fading channel has not been 
investigated there. Binary turbo codes have been 
evaluated in frequency selective fading channels 
recently. In this case a suitable form of equalization is 
necessary in order to mitigate the effect of intersymbol 
interference (ISI). 
One way to implement the equalizer is to use the MAP 
algorithm. The decision based on MAP algorithm can 
be made on a symbol-by-symbol basis [3]. The 
equalizer implemented by this algorithm is optimal in 
the sense that it minimizes the probability of symbol 
error. But we have to find a suitable way to extract the 
log likelihood ratio (LLR) of transmitted bits from the 
output of the equalizer, which usually gives symbol a 
posteriori probability. 
Turbo-Trellis coded modulation (T-TCM) proposed 
recently as well, is also one of the techniques to 
improve the bandwidth efficiency [5], [6]. T-TCM is 
an extension of the binary turbo code, where RSC 
component codes are replaced by recursive systematic 
Ungerboeck trellis-coded modulation codes to take 
advantage of both iterative decoding of turbo codes and 
spectral efficiency capability of trellis coded 
modulation. Here both the equalizer and algorithm 
work in the symbol domain unlike in the previous case 
where the decoder works in bit level. Therefore there is 
no mismatch between the equalizer and the decoder. 
The outputs of the equalizer can be directly used to 
calculate the transition probabilities in the T-TCM 
decoder MAP algorithm. 
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Next section presents the system model. Section III 
presents the technique for extracting the a priori 
information of transmitted bits from the MAP equalizer 
output, while section IV presents the simulation results 
and the discussion. Finally conclusions are made in the 
section V. 
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Figure 1 shows the system model used for the 
simulation. The source is a random binary data 
generator, which generates 1024 data bits per frame. 
The input data is then encoded by the turbo encoder, 
which gives out one systematic bit and two parity bits. 
Parity bits are punctured using a suitable puncturing 
scheme in order to get the required spectral efficiency. 
For 8-PSK 34 of the parity bits are punctured and for 
16-QAM $5 of the parity bits are punctured to get the 
spectral efficiency of 2 bits/sec/Hz. An interleaver is 
used to scatter the systematic bits and corresponding 
parity bits into different symbols. Then the signal is 
passed through a two-ray multipath channel, with 
independent Rayleigh fading. 
BER 
multilevel modulation. To avoid this difficulty, 
equalizer is configured to produce log a posteriori 
probability (LAPP) for each symbol not log likelihood 
ratio (LLR). 
Channel backward recursion and the transition probability 
The LAPP of one symbol v, given the received 
sequence y is defined by: 
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Here Log { p(y)  ) is neglected. 
Therefore the LAPP value can then be expressed as: 
where j=O,Z, ..., M-Z (M-ary modulation symbols), s, is 
the state of the encoder at time instant E . 
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The summation is taken over the transitions which are 
caused by the symbol v, Using the standard notation, 
If the symbols are equiprobable, LP( vE = j 1 can be 
neglected in the calculation. 
At the receiver the received symbols from the channel 
are first given to the equalizer, which gives out the log a 
posteriori probability (LAPP) of the symbols. This 
LAPP is then given- to the log likelihood ratio (LLR) 
likelihood ratio of each transmitted bit. These LLR 
values are then passed into the binary turbo decoder. 
111. CALCULATING SYMBOL LAPP function of gray mapping in transmitter. 
estimation module. The LLR module estimates the log LLR Module 
Once the LAPP values for every symbol of equalizer 
are available, the LLR values for each bit interval are 
derived in LLR module, which resembles the reverse 
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The Information handled by the equalizer is based on 
symbols not on bits. This makes it difficult to calculate 
L ( 2 k , j )  = Log 
likelihood ratio of two symbols (0,l) due to the 
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where x ~ , ~ ,  i == 1,2, ..., m is the i" component of symbol 
vi, j=1,2 ,..., M ,  which is received at time instant k. 
The maximization is taken over the symbols which has 
ith bit xk,, = fl as one of its constituent members. The 
main difference in the case of multilevel modulation 
scheme compared to the binary case is that bit LLR 
values should be calculated from the equalizer output, 
which are symbol a posteriori probabilities. 
IV. RESULTS 
The component codes of the turbo codes considered 
here consist of best recursive systematic codes of 4 
states and 8 states. The generator functions of these are 
G(7,5) and G(13,17) respectively [7]. The channel is a 
two path independent Rayleigh fading channel with 
equal power paths, having a delay equal to the symbol 
duration. 
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Figure 2 B ER performance of binary turbo code(TC) 
with 8 states and 16-QAM mapping in a fading channel 
Figure 2 shows the performance of turbo code with 8 
states component codes G(13,17) with 16 QAM 
mapping in a two path Rayleigh fading channel. It is 
observed that the BER performance increases with the 
increase of the number of iterations. But, there is not a 
significant improvement of the performance between 5" 
and 6th iteration. When the performance is compared 
with that of a turbo code with 4 states (G(7,5)), it can 
be observed that the BER performance improves with 
the increase of the number of the states of the turbo 
encoder. The 8 states code has a 0.3 dB gain at 
BER compared with the 4 states one as shown in Figure 
3. 
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Figure 3 comparison of TC performance with different 
component codes and 16QAM modulation (6iterations) 
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Figure 4 BER performance of TC with 8 states and 
8PSK mapping in a fading channel 
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Figure 4 shows the BER performance of 8 states TC 
with 8PSK mapping but having the same spectral 
efficiency (2 bits/sec/Hz) 
error floor. TC with 16QAM modulation does not give 
rise to an error floor. 
In SPSK mapping case also the improvement of the 
performance with the increase of the number of states is 
observed as shown in Figure 5. In that case also the 8 
state code has a 0.5 dB gain at lo5 BER compared to 4 
states one. However, the excessive puncturing to get an 
spectral efficiency of 2 bits/sec/Hz causes an error floor 
in this case. 
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Figure 5 comparison of TC performance with different 
component codes - 8PSK modulation and spectral 
efficiency of 2 bits/sec/Hz (6iterations) 
Figure 6 shows the performance of T-TCM code with 8 
states and 8PSK modulation. In this case also we can 
not observe a significant improvement after 5” 
iteration. But, here we can observe a significant feature 
of T-TCM in a fading channel. It is gives an error 
floor with the increase of the Eb/No. This error floor is 
significantly high having a value close to lo5 BER. 
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Figure 6 Performance of T-TCM with 8 states and 
8PSK modulation 
This performance improvement is important for an 
application of high bit rate transmissions requiring very 
low BER and high spectral efficiency. 
Finally all schemes are compared in Figure 7. Figure 
clearly shows us that the best performance for 
transmitting 2 bitIsecMz can be obtained by using 8 
states TC with 16 QAM modulation. It has a 1.75 dB 
gain at lo4 BER when compared with TC with 8-PSK 
modulation. The degradation in 8 PSK modulation is 
mainly due to the severe puncturing of parity 
information to get the higher spectral efficiency. TC 
with 16 QAh4 modulation outperforms the T-TCM 
scheme also, as T-TCM scheme gives rise to a higher 
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Figure 7 Comparison of performance of different turbo 
coded modulation schemes 
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V. CONCLUSIONS 
The performaince of turbo coded modulation schemes 
are studied in1 a Rayleigh frequency selective fading 
channel. Performance was observed for different 
component codes as well as different multilevel 
modulation schemes. These results are then compared 
with the performance of T-TCM. Simulation results 
reveal that a sAight improvement of the performance can 
be obtained by using a component code with 8 states 
when compared with the 4 state one. It also shows that 
the 16QAM modulation outperforms 8PSK modulation 
when compared in a scheme with same spectral 
efficiency. The important observation made in the 
simulation was that binary turbo code combined with 
multilevel modulation scheme outperforms the T-TCM 
scheme at low bit error rates. T-TCM scheme gives 
rise to a higher error floor, while TC with multilevel 
modulation does not. Therefore it can be concluded 
that TC with multilevel modulation schemes will be a 
very good candidate for applications requiring very low 
BER and high spectral efficiency. 
1101-1 105. 
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